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WKH GHHSO\ UHPL[HG VRLO ZLWK D QDWXUDO FRDWLQJ VXSSRUWV WKH GXUDELOLW\ RI WKH PDLQ JHRWHFKQLFDO IUDPHZRUNV DQG
FRPSOHWHWKHLUIXQFWLRQDOLW\&HUWDLQVSHFLHVRIKHUEVDQGVKUXEVFDQGHYHORSWKHLUURRWV\VWHPLQDIHZPRQWKVWKHUHE\
UDSLGO\ VXSSO\LQJ WR WKH VRLO DGGLWLRQDO UHVLVWDQFH WR WKHUXQRIIHURVLRQHJ >@RU >@ IRUD UHYLHZRISUHYLRXV
FRQWULEXWLRQVDQGWRWKHQXWULHQWUHPRYDODVZHOODVSRVVLEO\VWDELOL]LQJWKHVXUILFLDOOD\HUVRIVRLOLQWKHPHDQZKLOH
WKDWWUHHVGHYHORSGHHSURRWVDQGWKHQDWXUDOHTXLOLEULXPLVUHVWRUHG>±@


)LJ3DQHODVKRZVWKHJUDLQGLVWULEXWLRQRIWKHPDWHULDOXVHGRIWKH7;WHVWV3DQHOEVKRZVWKH<RXQJPRGXOXVDVDIXQFWLRQRIWKHD[LDO
VWUDLQRIURRWVGXULQJWKHWHQVLRQWHVWVJUHHQWKLQOLQHV6-EODFNWKLVOLQHV/,UHGWKLQOLQHV$89DOXHVDYHUDJHGE\VSHFLHVDUHLQGLFDWHGZLWK
ሾሿ6->²@/,DQG>ή@$8
1RQHWKHOHVVDOLWWOHLVNQRZQDV\HWRQWKHPHFKDQLVPRIUHLQIRUFHPHQWRIURRWV(YHQLQWKHVLPSOLILHGFDVHZKHUH
URRWVDUH WUHDWHGPHFKDQLFDOO\DV ILEHU LQFOXVLRQVQHJOHFWLQJERWKELRORJLFDODQGK\GURORJLFDOHIIHFWV DSK\VLFDOO\
EDVHGDSSURDFKWRWKHSUREOHPLVH[WUHPHO\GLIILFXOWDQGIRUWKLVUHDVRQDQXPEHURIHPSLULFDOIRUPXODHDUHDYDLODEOH
LQWRWKHOLWHUDWXUHZKLFKDUHRIWHQEDVHGRQK\SRWKHVLVWKDWFDQEHVDWLVILHGRQO\LQVSHFLILFILHOGFRQGLWLRQV,QIDFW
WKH ³DUFKLWHFWXUH´ RI URRW IUDPHZRUN HJ VL]H VKDSH WKLFNQHVV VSDFHGLVWULEXWLRQ DV ZHOO DV WKH PHFKDQLFDO
SURSHUWLHV RI URRW PDWHULDO LH VWLIIQHVV \LHOG VWUHVV VWUXFWXUH GXFWLOLW\ ILEHUVRLO DQFKRUDJH DQG DGKHVLRQ DUH
VWURQJO\GHSHQGHQWRQWKHSODQWVSHFLHVDQGRQWKHHQYLURQPHQWLQZKLFKWKH\GHYHORS
7KHSXOORXWRISODQWVLHWKHLQVWUXPHQWHGXSURRWLQJRISODQWVLQWKHLUQDWXUDOVLWHRULQWKHODERUDWRU\LVDWHFKQLTXH
RIWHQXVHGWRHVWLPDWHWKHVWUHQJWKHQDEOHGE\URRWVDVZHOODVWKHVOLSIULFWLRQDWVRLOURRWVLQWHUIDFH>HJ@$OWKRXJK
LQSULQFLSOHWKHEDVLFLGHDRIWKHSXOORXWLVVLPSOHREWDLQLQJUHOLDEOHHVWLPDWHVRIWKHURRWVRLOIULFWLRQDQJOHLVIDU
IURPEHLQJWULYLDOILUVWO\EHFDXVHLWLVGLIILFXOWWRFRXQWHUEDODQFHWKHSXOORXWIRUFHFRQWH[WXDOO\SUHVHUYLQJWKHLQWHJULW\
RISODQWVDQGVRLOVHFRQGO\EHFDXVHDODUJHQXPEHURIPHDVXUHPHQWVLVUHTXLUHGIRUWKHFRQYHUJHQFHRIVWDWLVWLFV$W
ODVWLWLVQRWFOHDUKRZWKHURRWVRLOVOLSIULFWLRQFDQEHDVVRFLDWHGZLWKWKHSXOORXWIRUFHDQGRQHLVOHIWZLWKWKHRSHQ
TXHVWLRQ KRZ GR URRWV GHYHORS VXSSOHPHQWDU\ VRLO VWUHQJWK" 2Q WKH RWKHU KDQG WHQVLRQ WHVWV SHUIRUPHG LQ WKH
ODERUDWRU\GLUHFWO\RQLQGLYLGXDOURRWILEHUVFDQSURYLGHDUHOLDEOHPHFKDQLFDOGHVFULSWLRQRIWKHLUUHDFWLRQWRWHQVLOH
VWUHVVXSWRWKHLUIDLOXUHEXWVWLOOGRQRWKHOSWRDGGUHVVWKHODWWHUTXHVWLRQ
$PRUHHIIHFWLYHDSSURDFKWRLQYHVWLJDWHWKHPHFKDQLFVRIURRWHGVRLOLVWHVWLQJLWVUHVLVWDQFHWRDFRQWUROOHGVKHDU
VWUHVV,QGHHGSHUIRUPLQJGLUHFWVKHDU'6RUWULD[LDO7;WHVWVRQDILEHUUHLQIRUFHGVRLOLVQRWQRYHO$VHULHVRI
'6WHVWVZDVFDUULHGRXWE\>@RQVDQG\VDPSOHVZLWKLQFOXVLRQVRIV\QWKHWLFRUQDWXUDOILEHUVRURIPHWDOZLUHVLQ
RUGHUWRVWXG\WKHLUUHLQIRUFHPHQWHIIHFW,QSDUWLFXODU>@VKRZHGWKDWUDUHO\ILEHUVUHDFKHGWKHLU\LHOGVWUHVVDQG
IDLOXUHDVK\SRWKHVL]HGLQPRGHOVEDVHGRQWKHSXOORXWDSSURDFK>@ZKLOHWKHLUDFWLRQPDQLIHVWHGLWVHOILQDQRQ
QHJOLJLEOH SRVWSHDN VWUHQJWK RI WKH FRPSRVLWH PDWHULDO )LEHUUHLQIRUFHG VDQG\ VRLOV ZHUH DOVR WHVWHG WR WULD[LDO
FRPSUHVVLRQE\>@DQGPRUHUHFHQWO\E\>@ZKRXVHGV\QWKHWLFRUPHWDOVKRUWILEHUVDVDUHLQIRUFHPHQW%\PHDQV
RI7;WHVWVPDGHDWKLJKFRQVROLGDWLRQSUHVVXUHV>@VKRZHGWKDWWKHFRPSRVLWHPDWHULDOZDVFKDUDFWHUL]HGE\YDOXHV
RIWKHIULFWLRQDQJOHODUJHUWKDQWKRVHREWDLQHGLQDEVHQFHRIILEHULQFOXVLRQVZKLFKLQFUHDVHGSURSRUWLRQDOO\WRWKH
ILEHUFRQFHQWUDWLRQ0RUHRYHUWKHUHVXOWVRI>@HYLGHQFHGWKDWILEHUVRQHRUGHURIPDJQLWXGHORQJHUWKDQWKHVL]HRI
VDQGJUDLQVVXSSOLHGWKHLUVWUHQJWKPRUHIRUFHIXOO\WKDQVKRUWHUILEHUV
+RZHYHUWRWKHNQRZOHGJHRIWKHDXWKRUVDVLPLODUH[SHULPHQWDODSSURDFKKDVQHYHUEHHQH[WHQGHGVRIDUWRWKH
FDVHRIXQGLVWXUEHGURRWHGVRLOQDPHO\E\XVLQJVRLOVDPSOHVLQZKLFKURRWVZHUHOHWQDWXUDOO\GHYHORSDQGDGDSWWR
WKHVRLOVWUXFWXUHH[XGLQJQDWXUDOVXEVWDQFHVWKDWSURYLGHURRWILEHUVZLWKDGKHVLRQDQGDQFKRUDJH7KXVZLWKWKHDLP
RISURYLGLQJDGHVFULSWLRQRIWKHPHFKDQLFDODFWLRQRIURRWVDGKRFPRXOGVZHUHGHVLJQHGDQG7;WHVWVZHUHPDGHRQ
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URRWHGVRLOVDPSOHV0RUHRYHULQRQHVHULHVRI7;WHVWVWKHDWWHPSWWRUHSURGXFHWKHFRQGLWLRQVH[SHULHQFHGE\D
VXUILFLDOHOHPHQWRIVRLODORQJDKLOOVORSHGXULQJDQLQWHQVHVWRUPZDVPDGH%HVLGHV7;WHVWVWHQVLRQWHVWVZHUHDOVR
PDGHRQLQGLYLGXDOURRWILEHUVWRGHWHUPLQHWKHLUPHFKDQLFDOEHKDYLRXUXQGHULQFUHPHQWDODQGF\FOLFVWUHVVSDWKV
0HWKRGRORJ\DQG5HVXOWV
7KUHHVHULHVRIWULD[LDOWHVWVZHUHPDGHRQURRWHGVRLOVDPSOHVZKLOHRQHVHULHVRIWHVWVZDVPDGHRQVSHFLPHQV
UHFRQVWLWXWHGE\XVLQJWKHVDPHPDWHULDODVWKHJUDQXODUPDWUL[RIURRWHGVDPSOHV,QWKHIROORZLQJDEULHIGHVFULSWLRQ
RIWKHPHWKRGRORJ\DGRSWHGWRSUHSDUHWKHURRWHGVSHFLPHQVLVJLYHQ
%RWKVRLODQGSODQWVSHFLHVZHUHFKRVHQDPRQJWKRVHFRPPRQO\XVHGIRUVRLOELRHQJLQHHULQJDSSOLFDWLRQVLQWKH
/LJXULDUHJLRQLQSDUWLFXODULQWKH]RQHVWKDWKDYHEHHQUHFHQWO\VWULFNHQE\VHYHUDOODQGVOLGHVDQGGHEULVIORZV7KH
VRLOXVHGIRUWKH7;WHVWVZDVSLFNHGXSIURPKLOOILHOGVDQGFRQVLVWVLQFOD\H\VDQG6&RIWKH86&6FODVVLILFDWLRQ
7KHILQHSRUWLRQZDVILUVWUHPRYHGHLWKHUE\GU\RUZHWVLHYLQJDQGJUDLQVRIGLDPHWHUܦ ൐ ʹPPZHUHVLIWHGRXW
EHIRUHSUHSDULQJWKH7;WHVWVDPSOHVWKHUHE\REWDLQLQJWKHJUDLQGLVWULEXWLRQVKRZHGLQ)LJXUHD7KHUHPRYDORIWKH
ILQHSDUWLVQHFHVVDU\WRJXDUDQWHHWKDWDSXUHO\IULFWLRQUHVLVWDQFHGHYHORSVDWWKHURRWVRLOLQWHUIDFH,WZDVIRXQGWKDW
WKHILQHPDWHULDOFRQWDLQHGRUJDQLFPDWWHUZKLFKFHPHQWHGLQVPDOODJJORPHUDWHVWKDWFRXOGEHGHVWUR\HGDQGUHPRYHG
RQO\E\ZHWVLHYLQJ7KXVDZHDNFRKHVLRQZDVH[SHFWHGIRUWKHPDWHULDOVLIWHGZLWKDGU\SURFHGXUH$Q\ZD\WKH
UHVXOWRIWKHVLHYLQJSURFHGXUHFDQEHFODVVLILHGDVZHOOVRUWHGVDQG6:RQWKH86&6FODVVLILFDWLRQWKHXQLIRUPLW\
FRHIILFLHQWEHLQJHTXDOWR͸Ǥ͹
7DEOH'LPHQVLRQVRIURRWVXVHGIRUWKHWHQVLRQWHVWV$QJXODUEUDFNHWVLQGLFDWHWKHDYHUDJHRSHUDWRU
VSHFLHV ۃܮۄ>PP@ ۃ݀ۄ>PP@ ߙ>@ ܧଶ>03D@
6-    
/,    
$8 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 

7KUHH SODQW VSHFLHV ZHUH FRQVLGHUHG QDPHO\ VSDUWLXPMXQFHXP 6- OLJXVWUXP /, DQG DUEXWXVXQHGR $8
ZKLFKDUHW\SLFDORIWKH0HGLWHUUDQHDQVFUXE7HQVLRQWHVWVRQLQGLYLGXDOURRWILEHUVZHUHSHUIRUPHGWRTXDQWLI\WKHLU
WHQVLOHVWUHQJWK7KHDYHUDJHOHQJWKDQGGLDPHWHURIWKHILEHUVFRQVLGHUHGIRUWKHWHVWVDUHLQGLFDWHGLQ7DEOHZLWK
ۃܮۄDQGۃ݀ۄUHVSHFWLYHO\
)LJXUHEVKRZVWKHWUHQGRIWKH<RXQJPRGXOXVܧDVDIXQFWLRQRIWKHD[LDOVWUDLQߝ7KUHHUHJLRQVFDQEHLGHQWLILHG
RQWKHGLDJUDPRI)LJXUHEFRUUHVSRQGLQJWRGLIIHUHQWFRXQWHUDFWLRQVRIURRWILEHUVWRLQFUHDVLQJGHIRUPDWLRQVWDJHV
7KHUHJLRQ,LVFKDUDFWHUL]HGE\KLJKYDOXHVRI\LHOGVWUHVVRIWKHURRWVSRVVLEO\UHODWHGWRWKHVWUHQJWKHQDEOHGE\
WKHLUULJLGZRRGFRDWLQJDQGE\QHDUO\K\SHUEROLFGHFUHDVHRIWKH<RXQJPRGXOXVZLWKLQFUHDVLQJD[LDOVWUDLQ,WZDV
REVHUYHGE\PHDQVRILQFUHPHQWDOORDGXQORDGUHORDGF\FOHVWKDWLQWKHUHJLRQV,WKHEHKDYLRXURIURRWVZDVDOVR
SODVWLFZKLOHLQWKHUHJLRQ,,LWZDVDOPRVWHODVWLFDSDUWIURPWKHK\VWHUHVLVRFFXUULQJGXULQJXQORDGLQJUHORDGLQJ
VWUDLQSDWKV+HQFH,FDQEHLQWHUSUHWHGDVDQRQOLQHDUHODVWLFSODVWLFUHJLRQLQZKLFKWKHGHSHQGHQFHRIWKH<RXQJ
PRGXOXVRQߝሾΨሿFDQEHDSSUR[LPDWHGE\WKHIROORZLQJH[SUHVVLRQ
ܧଵ ൌ ܧଶ ή ߝିఈ 
ZKHUHܧଶDQGߙDUHFRQVWDQWVWKDWGHSHQGRQWKHVSHFLHVRISODQWV7KHYDOXHVRIܧଶDQGߙIRUWKHSUHVHQWFDVHVDUH
OLVWHGLQ7DEOH,WLVLQWHUHVWLQJWRQRWHWKDWߙ̱ͳYDU\LQJVOLJKWO\VSHFLHVE\VSHFLHVZKLOHWKHYDOXHVRIܧଵDUHLQ
WKHUDQJHRIWKHW\SLFDOYDOXHVIRUZRRG)RUWHQVLOHVWUDLQODUJHUWKDQͳΨLHLQWKHUHJLRQ,,WKH<RXQJPRGXOXV
YDULHVPXFKVORZHUZLWKߝWKDQ LQ WKHUHJLRQ,7KHDYHUDJHYDOXHVRI WKH<RXQJPRGXOXV LQ WKLV UHJLRQܧଶDUH
LQGLFDWHG LQ 7DEOH  )LQDOO\ DW KLJK GHIRUPDWLRQ VWDJHV WKH ZRRG FRDWLQJ EUHDNV DQG UHVLGXDO VWUHQJWK FDQ EH
DVVRFLDWHGZLWKWKHFRUHRIURRWILEHUV,QGHHGLQWKHUHJLRQ,,,XSWRIDLOXUHURRWILEHUVH[SHULHQFHDKLJKSODVWLF
GHIRUPDWLRQZKLFKUHDFKHVYDOXHVRIRUGHUࣩሺͳͲΨሻ7KHYDOXHVRIWKH<RXQJPRGXOXVLQWKHUHJLRQV,,DQG,,,DV
ZHOODVWKHLUVWUHVVSDWKQRWVKRZQKHUHDUHFRPSDUDEOHZLWKWKRVHRIUXEEHURURWKHUHODVWRPHUV6XFKDGHWDLOHG
GHVFULSWLRQ RI WKHPHFKDQLFDO SURSHUWLHV RI URRWILEHUV ZDV QHFHVVDU\ WR LGHQWLI\ WKHLU FRQWULEXWLRQ WR WKH RYHUDOO
VWUHQJWKHQDEOHGE\WKHFRPSRVLWHPDWHULDO,QWKHIROORZLQJDGHVFULSWLRQRIWKHWHFKQLTXHDGRSWHGWRSUHSDUHWKH
URRWHGVRLOVDPSOHVDQGRIWKHUHVXOWVREWDLQHGZLWKWKH7;WHVWVLVJLYHQ
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
)LJ3LFWXUHVRIWKHFRQVWUXFWLRQRIWKHPRXOGVDDQGRIWKHSUHSDUDWLRQRIWKHURRWHGVDPSOHVEZKLOHFVKRZVWKHWULD[LDOFHOOGXULQJWKH
WHVW/
,QRUGHUWROHWSODQWVGHYHORSLQWKHLURULJLQDOYROXPHRIPDWHULDOVSHFLDOPRXOGVZHUHGHVLJQHGZKLFKFRXOGDOORZ
DQHDV\DVVHPEO\DQGGLVDVVHPEO\JXDUDQWHHWKHOLIHRISODQWVE\DVXLWDEOHGUDLQDJHV\VWHPDVZHOODVDYRLGWKHORVV
RULPSDLUPHQWRIWKHJUDQXODUPDWUL[0RXOGVFRQVLVWHGPDLQO\RIWKUHHSLHFHVLDF\OLQGHURIWUDQVSDUHQWSRO\PHWK\O
PHWKDFU\ODWH DOORZLQJ WKH VXSHUYLVLRQ RI WKH GHYHORSPHQW RI URRWV ZKHQ DSSURDFKLQJ WKH F\OLQGHU VXUIDFH VSOLW
YHUWLFDOO\LQWRWZRKDOYHVKHOGWRJHWKHUE\PHDQVRIDQ\ORQ]LSWLHLLD³ERWWRPFXS´HTXLSSHGZLWKKROHVRIVXLWDEOH
VL]HZKLFKDOORZHGWKHGUDLQDJHRIZDWHUSUHYHQWLQJWKHORVVRIVDQGLLLDFRDWLQJRIGDUNSODVWLFWKDWZDVDSSOLHG
H[WHUQDOO\WRWKHPRXOGLQRUGHUWROLPLWWKHGLUHFWVXQUDGLDWLRQWKURXJKWKHWUDQVSDUHQWF\OLQGHU7KHSUHVHQFHRID
PRYDEOHERWWRPFXSDOORZHGWKHLQVWDOODWLRQRIWKHPHPEUDQHUHTXLUHGIRU7;WHVWVDWWKHVWDJHRISUHSDUDWLRQRIWKH
VDPSOH)LJVKRZVWKHPRXOGVEHIRUHDQGDIWHUWKHLQVWDOODWLRQRIWKHSODQWV$IWHUWKHSUHSDUDWLRQRIWKHVDPSOHV
SODQWVZHUHOHWJURZIRUൊPRQWKVLQRUGHUWRPDNHWKHFRPSRVLWHVRLOURRWPDWHULDOPRUHKRPRJHQHRXVDQGDOORZ
WKHDQFKRULQJRIURRWVWRWKHJUDQXODUPDWUL[7KHQWKHHSLJHDOSDUWRIWKHSODQWVZDVUHPRYHGZLWKDFXWDWWKHEDVH
RIWKHWUXQNDQGVDPSOHVZHUHPRXQWHGRQWKHWULD[LDOFHOOVHH)LJF,WLVZRUWKZKLOHWRQRWHWKDWDQRQVWDQGDUG
VDPSOHVL]HDQGFRQVHTXHQWO\DVSHFLDOWULD[LDOFHOOZDVXVHGWKHKHLJKWDQGGLDPHWHURIZKLFKZHUHFPDQG
FPUHVSHFWLYHO\$ODUJHUVL]HRIWKHVDPSOHVZDVUHTXLUHGE\SODQWVWRJURZDQGGHYHORSWKHURRWV\VWHP%RWKWKH
WRSDQGWKHERWWRPRIWKHVDPSOHVZHUHOHYHOHGZLWKDOD\HURIXQLIRUPFRDUVHVDQGEHIRUHHDFK7;WHVWLQRUGHUWR
JXDUDQWHHWKHXQLIRUPGLIIXVLRQRIWKHYHUWLFDOFRPSUHVVLRQ,QRUGHUWRUHSURGXFHWKHVWUHVVFRQGLWLRQVRIDQHOHPHQW
RIVRLODORQJDKLOOVORSHWKHVDPSOHVZHUHFRQVROLGDWHGDWSUHVVXUHVN3DDQGN3DZKLFKDUHUHODWLYHO\VPDOO
YDOXHV/DUJHUFRQVROLGDWLRQSUHVVXUHVN3DRUN3DZHUHDOVRFRQVLGHUHGLQVRPHFDVHVWRLQYHVWLJDWHWKHUROH
RIURRWVDOVRLQWKHVHFRQGLWLRQVDVZHOODVWRRXWOLQHUHOLDEO\WKHIDLOXUHHQYHORSRIWKHFRPSRVLWHPDWHULDOQRWSUHVHQWO\
VKRZQ7DEOHVXPPDULVHVWKHSURSHUWLHVRIWKHJUDQXODUPDWUL[DVZHOODVWKHYROXPHFRQFHQWUDWLRQRIURRWVDWWKH
WLPHZKHQWKHSODQWVZKHUH³SRWWHG´LQWRWKHPRXOGVIRUWKH7;WHVWVSUHVHQWO\FRQVLGHUHG7KHFRQFHQWUDWLRQRIURRWV
LVFRPSDUDEOHZLWKWKDWXVHGIRUILEHUUHLQIRUFHGVRLOV>@,QSDUWLFXODUURRWVZHUHPRUHFRQFHQWUDWHGIRUWKHVSHFLHV
/,ZKLFKVKRZHGDOVRORQJHUDQGKLJKO\EUDQFKHGILEHUV7KHUHVXOWVREWDLQHGIURPVWDQGDUGWULD[LDOFRPSUHVVLRQ
WHVWV&,87;FDUULHGRXWHLWKHURQVDPSOHVURRWHGZLWK/,RUUHFRQVWLWXWHGZLWKRXWDQ\LQFOXVLRQFRQVROLGDWHGDW
N3DDQGN3DDUHVKRZQLQ)LJXUH,WLVZRUWKZKLOHWRQRWHWKDWVLJQLILFDQWXQFHUWDLQWLHVH[LVWHGRQWKHFRQGLWLRQV
RIWKHURRWHGVDPSOHVERWKLQWHUPVRIYRLGUDWLRVHH7DEOHDQGRIWKHKRPRJHQHLW\RIWKHJUDQXODUPDWUL[WKDWFRXOG
EHDIIHFWHGSK\VLFDOO\DQGFKHPLFDOO\E\URRWV
7DEOH9DOXHVRIUHOHYDQWTXDQWLWLHVIRUWKH7;WHVWV ோܸYROXPHRIURRWV݁௥௘ௗሺ௠ሻLQLWLDOYRLGUDWLRVXLWDEO\UHGXFHGRIWKHURRWVYROXPHܩ௦VSHFLILF
JUDYLW\ߛௗሺ௠ሻGU\VSHFLILFZHLJKW
WHVW VSHFLHV ோܸ>FP@ ݁௥௘ௗሺ௠ሻ ܩ௦ ߛௗሺ௠ሻ>N1P@
/ /,    
/ /,    
5 UHFRQ    
5 UHFRQ    
0 /,    
0 UHFRQ    
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
)LJ'LDJUDPVRIݍSDQHODDQGοݑSDQHOEDVIXQFWLRQVRI݌ԢDQGߝଵUHVSHFWLYHO\IRUWHVWV//VROLGOLQHV5DQG5EURNHQOLQHV
+RZHYHUDFOHDUSLFWXUHRIWKHPHFKDQLFDODFWLRQRIURRWVDULVHVIURPWKHFRPSDULVRQRIWHVWV/DQG/ZLWKWHVWV
5DQG5SHUIRUPHGRQQRQURRWHGVDPSOHV3DQHODRI)LJXUHVKRZVWKHWUHQGRIWKHGHYLDWRULFVWUHVVݍ ൌ ߪଵ െ ߪଷ
DV D IXQFWLRQ RI WKH LVRWURSLF HIIHFWLYH VWUHVV݌Ԣ ൌ ሺߪԢଵ ൅ ʹߪԢଷሻȀ͵$IWHU WKH FRQVROLGDWLRQ SKDVH WKH VDPSOHV DUH
EURXJKWWRIDLOXUHWKURXJKFRQVWDQWVWUDLQUDWHFRPSUHVVLRQLQXQGUDLQHGFRQGLWLRQ7KHSUHVVXUHοݑZKLFKGHYHORSV
DVߪଵLQFUHDVHVLVVKRZQLQ)LJXUHEDVDIXQFWLRQRIWKHD[LDOVWUDLQߝଵ7KHSDWKUHODWHGWRURRWHGVDPSOHV/DQG
/LQWKH݌Ԣݍ െGLDJUDPRI)LJXUHDGRQRWVLJQLILFDQWO\GLIIHUIURPWKDWDVVRFLDWHGZLWKWKHQRQURRWHGRQHV5DQG
5XQWLOWKHJUDQXODUPDWUL[ORRVHVLWVVWLIIQHVVDQGWHQGVWRGLODWH$WWKLVVWDJHURRWVFRXQWHUDFWWKHODUJHLQFUHDVLQJ
UDGLDOGHIRUPDWLRQߝଷWKHFRQWULEXWLRQRIURRWVLVDSSUHFLDEOHRQO\IRUWHQVLOHVWUDLQOHDGLQJ WKHSRUHSUHVVXUHWR
LQFUHDVHFRQWH[WXDOO\LQVWHDGRIGLVVLSDWLQJWKURXJKWKHUDGLDOH[SDQVLRQVHH)LJE$VDUHVXOWDWWKHILQDOVWDJHVRI
WKHWHVWV/DQG/WKHGHYLDWRULFVWUHVVDEUXSWO\LQFUHDVHVDVVKRZQLQ)LJXUHDZKHUHDVVXFKDEHKDYLRXUDSSHDUV
VLJQLILFDQWO\GDPSHGIRUWKHWHVWV5DQG5ZKHUHURRWVZHUHDEVHQW


)LJ'LDJUDPVRIݍDVDIXQFWLRQRIߝଵSDQHODDQG݌ԢSDQHOEIRUWKHWHVWV0EODFNDQG0UHG%URNHQGRWWHGDQGVROLGOLQHVFRUUHVSRQG
WRWKH&,'OLNHSUHORDGVDWXUDWLRQDQGILQDO&,8ORDGSKDVHVUHVSHFWLYHO\
,QRUGHUWRREWDLQLQIRUPDWLRQRQWKHUHDOFRQWULEXWLRQRIURRWVWRWKHVWDELOLW\DQGVWUHQJWKRIWKHVXUILFLDOOD\HUVRI
KLOOVORSHVGXULQJDQLQWHQVHVWRUPDQDGKRF7;VWUHVVSDWKZDVGHVLJQHGZKLFKFRQVLVWHGLQWKUHHSKDVHVLGXULQJ
WKHILUVWSKDVHDGHYLDWRULFVWUHVVZDVSURJUHVVLYHO\DSSOLHGWRWKHVDPSOHLQGUDLQHGFRQGLWLRQ&,'OLNHWHVWXQWLOWKH
YDOXHRIݍZDVHTXDOWRଶ ଷൗ ݍ௖௥ZKHUHݍ௖௥ LVWKHPD[LPXPGHYLDWRULFVWUHVVVXSSRUWHGE\DQRQURRWHGVDPSOHDWIDLOXUH
LQXQGUDLQHGFRQGLWLRQV$WWKHHQGRIWKLVSUHORDGSKDVHWKHILQDOVWUHVVFRQGLWLRQUHIHUUHGWRWKDWRIDQHOHPHQWRI
VRLOVXEMHFW WRPRELOL]HGVKHDUVWUHVVDORQJDVWDEOHKLOOVORSHLL7KHQWKHVDPSOHZDVSURJUHVVLYHO\VDWXUDWHGE\
DSSO\LQJDEDFNSUHVVXUHRILQFUHDVLQJPDJQLWXGH WDNLQJFDUHWKDWERWK݌ԢDQGݍUHPDLQXQFKDQJHGWKURXJKRXWWKH
VDWXUDWLRQSURFHGXUHLLL)LQDOO\DVWKHVDPSOHZDVVDWXUDWHGD&,8WHVWZDVFDUULHGRXWXSWRIDLOXUH7KLVSURFHGXUH
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ZDVDSSOLHGWRDVDPSOHURRWHGZLWK/,DQGWRDUHFRQVWLWXWHGVSHFLPHQZKLFKDUHUHIHUUHGLQ7DEOHWRDVWHVWV0
DQG0UHVSHFWLYHO\)LJVKRZVWKHGHYHORSPHQWRIWKHGHYLDWRULFVWUHVVDVDIXQFWLRQRIWKHD[LDOVWUDLQSDQHOD
DQGRIWKHLVRWURSLFVWUHVVSDQHOEIRUWKHWHVWV0DQG0ZKLOHWKHWKUHHSKDVHVGHVFULEHGDERYHDUHLQGLFDWHGZLWK
EURNHQLGRWWHGLLDQGVROLGLLLOLQHV,QGHHGDWZRIROGFRQWULEXWLRQRIURRWVDSSHDUVDWILUVWWKHURRWHGVDPSOHLV
VWLIIHU WKDQWKHQRQURRWHGRQHGXULQJWKHSKDVHLDQGVKRZVDVLJQLILFDQWO\VPDOOHUD[LDOVWUDLQDW WKHHQGRIWKH
VDWXUDWLRQSKDVH0RUHRYHUDVWKHIDLOXUHFRQGLWLRQLVDWWDLQHGGXULQJWKHSKDVHLLLWKHGHYLDWRULFVWUHVVFRQWLQXHVWR
LQFUHDVHPRQRWRQLFDOO\LIURRWVDUHSUHVHQWZKHUHDVDSRVWSHDNGHFD\RIݍLVREVHUYHGIRUWKHFDVHZLWKRXWWKHURRW
FRQWULEXWLRQ7KLVLVLQIDLUDJUHHPHQWZLWKWKHUHVXOWVRI>@ZKRREVHUYHGDVLPLODUSRVWSHDNEHKDYLRXUIRUILEHU
UHLQIRUFHGVDPSOHV$FWXDOO\WKHWHVW0ZDVVWRSSHGIRUWHFKQLFDOUHDVRQVZKLOHIXUWKHUVWUHQJWKFRXOGKDYHEHHQ
SRVVLEO\DWWDLQHG$VSUHYLRXVO\GLVFXVVHG WKHFRXQWHUDFWLRQHIIHFWRIURRWVWRWKHUDGLDOH[SDQVLRQRIWKHJUDQXODU
PDWUL[FDQEHLGHQWLILHGDOVRIRUWKHWHVW0DQGLVFOHDUO\VKRZQE\WKHGLDJUDPRI)LJE,WLVWREHPHQWLRQHGWKDW
DWWKHHQGRIHDFK7;WHVWURRWVDSSHDUHGLQWDFWHYHQWKRXJKWKHGHIRUPDWLRQOHYHOLQWKHVDPSOHZDVZHOODERYHWKH
PD[LPXPHORQJDWLRQVXSSRUWHGE\URRWILEHUV7KLVIDFWVXJJHVWVWKDWURRWILEHUVGHYHORSVWUHQJWKZLWKDIULFWLRQDO
PRGHZKLOHWKH\VOLSWKURXJKWKHJUDQXODUPDWUL[UDWKHUWKDQSXUHO\HQDEOLQJWKHLUWHQVLOHVWUHQJWK
2QJRLQJUHVHDUFK
$PHFKDQLFDOLQWHUSUHWDWLRQRIWKHUHLQIRUFHPHQWFRQWULEXWLRQRIURRWVRQWKHVXUILFLDOOD\HUVRIKLOOVORSHVKDVEHHQ
JLYHQRQWKHEDVLVRIWKHUHVXOWVRIDQH[SHULPHQWDOLQYHVWLJDWLRQ)XUWKHUWHVWVDUHQHFHVVDU\WRSURYLGHTXDQWLWDWLYH
LQIRUPDWLRQRQWKHVWUHQJWKRIURRWHGVRLODQGWKHNQRZOHGJHRIWKHUROHRIPDWULFVXFWLRQLQXQVDWXUDWHGURRWHGVRLO
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